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(57) Abstract: A thin light-emitting diode which a large-area display is relatively easily constructed of, has a long life, is produced 
at low cost, and is adaptable to full-color display, comprising a anode, a cathode, an inorganic light-emitting layer provided between 
the electrodes and causing at least electroluminescence, an inorganic electron transport layer provided between the inorganic light- 
emitting layer and the cathode, including a conductive path for blocking holes and for transporting electrons, and having a high 
resistance, an inorganic hole transport layer provided between the inorganic light-emitting layer and the anode, including a conductive 
path for blocking electrons and for transporting holes, and having a high resistance. 
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m m m 

5 mitt® 

#58911;*. LED (Light Emitting Diode) &-?K:KIU I¥L<te, — ft<DMM 
#J£Jl<hT3LED (583t^*-H) *itfLD (I/— if-y-f 3— K) jcK 

&%mwMm 1 1 h \zmm £ P n ^icsieictf <t *-;kz>&a?8 

15 ^^SrS^HSi-rSW^EL^lCK-r^tODT^-S. 

±IBLED, LDICOUTH £<#&ffift$ftW&j&«. ptcftot, G 
aNI, ZnSeJhOWtifiT&^s Mx.\%BW>J-V>7 b p.79 (1 

20 SLD£WTSt>®fc$B£3nW5. LED, L DeOMfgKlfcHT, fi»»Ct> 
fcSl^ra&SLfcafifi. GaN, Z n S e^i'7< H^t 7^ iM^Ttl 

fcifiK&^T, *'O»lll**ftflfoa^teJ:0paift«««li&S*l, LED« 
25 L*>Lfc*i5, LED, LD^teffifgftxA'-f Xi: LTCD«ffl*tH«T* 0; 
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L^L, v>1*n©fl|ji©fc©t>. «I*m©-;& (ji^r, m^&Aflfl) 
©§att*«t^®ii3X K ©0^©§S3$©ireiBJeL5S , b©tt&£>n 
II/? hDj^^«/t>7 (EL) tt, l^m™icit>H'r>y5 1 ^C^ 

W^^^, ELT«ffl$n**)t«!JH©56^«fi^lB6nT^*fc«), X 
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(2) ffil8Affi$i0^m?&Ali%l», *l£#£LTtt*HR4eV& 

B2^tLTttTO»3~5eVO^JS©ia^± < i:^^-r5±IH (1)0 

(3) MfSfg 2 Zn, Sn, V, Ru, Sm*5«fctXl nrt>e>ilft$ 
ft*l»^<07i:*Tfc*±tB (1) £1t\t (2) 0Sgtt^-f*-b\ 

(4) if|E7JI/*U^«7C*tt, Li, Na, K, Rb, Cs&ckOTrtf) 
l«£U:Ti&0, 7^*'J±««7C*tt, Mg, CafcitfS rOlMEUiT 
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IB (1) ~ (3) ©ivfn^CD^fty^-F. 

( 5 ) fflGA&ft®m«?&ANl3!Jltt. ^(DmHMtf l-ixio" 
Q*cmT&5±ffi (1) ~ (4) ©V»Tn*»©5S3t^-f 

(6) ffifBffiffiffi<Z>fc««?aA*&it!»«, »2^»S^»»^LT. 0. 
5 2-40 mol%^-r^±IB (1) ~ (5) <D\vft\if»<Df&t&'( sj"— H. 

(7) MfB^ffiJt^MmTOA^iilWfliJf^ 0. 2~3 0nmT&-5± 
IE (1) ~ (6) ©^1'tl*»0»^'f*-K. 

( s ) m^mKom®.*-)\<&\mm.m\t. 1 - 1 x 1 o * ■ q • c 

mT&£±IB (1) ~ (7) OV»-j*n*>©583t^*-H, 

is (i) ~ (8) ©vvrnfrojfitty-fsr-K. 

;i/7-^A©M^i^tl, :©ijj^*.(Si 1 .,Ge,) O^gLfci 
15 * 

0^x^ 1. 
1. 7^y^2. 2 

20 gfttK ^^<k*!5^«trxi!{bti©^-rn^ia^±^^^-r5±i2 (i) ~ 

(9) 0^m*»©5Bt^-f*-H. 

(11) ffiflg&JRtt. Au, Cu, Fe> N i , Ru, Sn, Cr, Ir, 
Nb, Pt, W, Mo, Ta, P d o W^Ttl^ 1 «£U:T&5±SE 

(10) <»mt?<t*-Y. 

25 (12) ffiE<^£<ktf/*fctt&«<BiMt&, Sfbtt. ^r-fMl 
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fc«ktfliflSl&<0£*r*tt, 0. 2-40 mol%T-$.^±f2 (10) Stcfc (1 
1) 

(13) ilieifi5JS!it©»l»*-;i/aAlfcSlloK/PJ4, 0. 2~l0 0nmtr 
2fe£±3B (1) ~ (12) OVvj'ft#0»3fc^'f*-F. 

5 (i4) WE***-^axifJ2iitt. te®mm&*-)i&\mxkmr$>o 

T, 

(S i ,-,Ge,) OytmistztZ 
10 O^x^l 

1. 7£y£l. 9 9 
T^5±IE (1) ©JBJfcP'Ttf-H. 

(15) HUf2MM,mtt^-;PaA^MSWH^, O. l~3nmT&£± 
12 (14) ©383^ 
15 (16) WIB«6»583t»tt, MX h P>3=">A£-fc">#A£££*r9 w <5± 
IB (1) ~ (15) OVi-ftl^0563t^^--K. 

HM©ffi]*&K9] 

20 

*58M©»^-f^-Htt, RIWi^RlttS^, £*i£©*1IIHH;:<l>fc<i:fc 

25 *ffi&ft0ftM?&A«fi3iji&*u mem^ji^Hm^omKittftitt 
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^5led ^Mt^ ztufi-czz. Lfr* mmxm «t & jwsj&nrrflBfc 

10 &«S («^£A*S> mm. fitt*l»»©*K*tfiF*L<, flfctf, K. 
Li, Na, Mg, La, Ce, Ca, Sr, Ba, Al, Ag, In, Sn, 

zn, z Tmo&mjtmmfc, &it\t&fe&&ft±zitziz.tt)\z*tie>t:&ts2 

&, Li, Na, K, Rb, C s t£E<D7)lt> U ^MOBfi^tt. 7 y{fcfclT*>«fc 
15 K ^tbTH WAtfAg - Mg (Ag : 0. 1 - 5 0 at%) , A 1 • L 
i (L i : 0. 0 1~1 2at%) , I n • Mg (Mg : 5 0-8 Oat%) , A 1 • 
Ca (Ca : 0. 0 l~2 0at%) ZfifimfbtlZ. «faAISiCtt:n6 

MS (*mA*S) «?&A£+$m*5-£^±©JP£ 
20 trntfA<, 0. InmUU:, ^^L<tt0. 5nmEU, «rfc 1 nm£t±itn 
tf«fc^. *0±IBflllCtt«rClWISB^J:^*^ SftWWtt 1 ~ 5 0 OnmS* 

t-rntfj:v>. MS®±fctt, £&lctftmS (MIS) £«ttTfc«kK 

25 tCttl 0 0nm^±, 1 0 0-5 0 0nmOttH*W*LK MSjISIt&^T 
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K «ll : f*atOJi«*t+^Ttt3&:<^*. *|g&*ajl#«jrr*f5£, 4$ 
10 &5 0-5 0 Onragg£Ttltf«kH. 

Rims (*-jpaA«a) mfemvmmx-fr&Ammmm^-ji, 

*%}&&<&\T5ZtO-VtZ>>b<Dl)Wl£L<. l±mm&4. 5eV-5. 5eV 
OftS^ifiLK *#WlCfcL ^H-y»/y-5A (I TO) , 
^>^A (I ZO) , mcOVVl* (ln 2 0 3 ) , WCTsX (SnO 

15 , ) *&tsmem& czno) cw^iaititfc^ju^ :n 

&OK<b^tt^M^«*a^6^>fflf*LTiriT'b«k^. in, O, \zttT 
6Sn0 2 ©Jg^ittt, l~2 0wt%, 3&fctt5~l 2wtK#fr*LV>. 

1 ZOTOI n 2 O, CttTSZnOOfi&Jttt, a*, 1 2-3 2wt5Sgj£T 

20 (*:-jH4AtI) 14, tt*H»fc»Hrr3fc«&, lMfc->U3> (S i 

0 2 ) ££#LTV>Tt>«kV>. ftffc->U3> (SiO, ) ITOl: 
**T*S10, OmolikTO. 5-1 OXaflE*»ff*l/K S i O z ft^WT* 
-ilCckOs I TO©ttW»*»«*t*. 

3tft*otar«o«att, a#4o 0-7 oo nm , wt*** 

25 ^l:Mt5ffl$^5 0%^±, $5l:li8 0X^±, #lC9 0X£U:Ta* 
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W&am&t* 5 0~5O(W ft\Z 5 0 ~ 3 0 0 nm<0*SBjWfF& 
0. 2~4 0 mol%^W^itT^m/t7.^^^-r^)C<hHcbD, M& (Arf& 

m, ®\z i x i o a ~ixio" q • cnre&5o mi&mommmT&A^mmo 
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£9$?£b<tel~4eVT&oT, 
5 »JL<ttLi, Na, K, Rb, C s *,fctf F r frSaRStt* lttEUifl) 

J¥T, 5 0 molX^±§*SnTV^It^Sl/^. 
i5ffiffi©&*VfaA«Ji£Jltt, S6lcS&2ffc#£l/rZn, Sn, V, Ru. 
15 Sm*5cktXl n^6a«Sn*ia£H±05c*«:^TS. £<&*£<&$B2Sfc# 
»*L<ttO. 2~4 0 mol%, «k Off £ t < it 1 ~ 2 0 mol%T 

20 «SlT?*oTt>J;K 

±138 1 J&#tf»fcWffi^<L^*MJ& (stoichiometric composition) 
25 nn*>S^iWBIfllLT^fc^*lftW*ft^ (non-stoichiometry) tftoT^Tti 
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«WNe, Ar, Kr, X e*fc£tt5at*OT£*LT^T'bJ:V>. 

^js^wMm^aAHitao^tLT^, »*l<«o. 2-3 cw # 

HO. 2~20nm, $£K«0. 2 ~ 1 Onmgg##£ L V*. H^&Al^n 

U>. fcj&vrfc, ±KSglj£#<*:Sf!2j&#©*-^>;/ hzmm\zwv 

V?tf7>(DJ£-}]\$, 0. l-lPaO«H**»*l/V>. ®#©7; 
20 rty9&W\Zfem2ritt%&flZ* MMfAr, Ne, Xe, Kr«*W 

25 dtlfiffl-C**. X/W&fi©m*)£bTte, ff^KttRF^y^O. '1 
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~1 OW/cm 2 <D®mfiW£L<, fmU-htoO. 5-1 Onm/min , ttfc 1 
~ 5 nm/min ©iBffi#W£LK 

«fl#cDS«giLT«> ^ia (2 5*c) - is ox:mm~vfoz> 0 

K«tt0fc»#-;uaA*Mtt, fOltttfAtff* L < tt 1 ~ 1 x l 0 " 
Q • cm, ^CIXIO'-IXIO'O- cmTfcS. iStfgft^M^-^ftx^i!! 

ffiKtt4«H t 8K»^J:0ill!Brr*Ci:*tT**. 
25 (S i ,-xGeJ OytCfcWT 
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1. 7^y^2. 2. ff*L<ttl. 7£y£l. 99 
-£ATt>J:<, *n&®»SaMrct>J;V>. y*<3in«fc?>;*:3<Tt>/hS<T 

10 JRtt. ffJKttAu, Cu, Fe, Ni, Ru, Sn, Cr, Ir, Nb, P 
t, W, Mo, Ta. Pdfc.fctfCo0Vvfttau«£&2«E*±"e&5. Ztl 

JfcteffitT&S. in^O^Itt^KtiO. 2-4 0 mol%> <fcD$?i;L 

15 <(31~20 mol%r&2>, ttmtfztik o^^t*-;waA«tt*«fiTL, 

20 fWtltLTH lift, l~5nm*IgT&5. ^©#ft:T»*»*tt^W±t 

nsfc© testis. 

l:ffl^5Ne, Ar, Kr, X e^£&ff5at%OT£WL WTt>«J:l,>. 
25 7^*3, KfittO***-;PaAII3^±#©¥^«[tL'T^-OJ:5Md6T* 
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^tKcDmmt^-ji&xmmmommtLxn, v?£l<\$o. 2-100™, 

=fcD£?£b<teO. 2~3 0nm, ®\Z0 . 2 - 1 Onmig^ * U>, i^ffitnCO 
5 M*-Jl/aA^l^^nj;0^<Tt)jP<T ; &, *-;i/&A$i«tJic!:LTCD 

£ om<75 tut w £ tz mt^m^mmr^mu awm x^nw, * / t ? 

10 Z%miZ7sny 5>?Z>&7tXAy 5>tfft%L^o £jt7>^y ?\Z?Z>Z t~Z. ^ 

v9ft^,m^\z\t. 3E.f&ft<D*-¥y h±\z±m&m£fz\$&mm<\:v>)m<D^ 
>t£KMu M%<Dmm£m%\zmm.-rzz\t\z±r), M^iiiT^iu. 

m^f. Fim ; rJX'7l"i "9 8 4S*f 
!ifiWx'<*7'W<a&Mfa ffl**^ P l~lOKfefc<*nT^£ck?&** 
;ft£W5;L£:#n<£S e JlftftfCte, m&^X&mZtmtLT. ZnS, M 
20 n/CdSSef, U&%ytZ%Z>tmt LT. ZnS : T bOF> ZnS : T 
b, ZnS : Tb^, ffi^HfcWfflttT, SrS:Ce, (S r 
S:Ce/ZnS) n, CaGa 2 S„:Ce, Sr^ajS,: Ce^lfSI 

SSfgftSrIfSfccDtLT, SrS:Ce/ZnS:MnW^T 

25 



WO 00/74444 



14 



PCT/JP99/03398 



Z.n<b<Dfcfr~£h> ±ISI DW(Intemational Display Workshop)' 97 X.Wu "Mul 
ticolor Thin-Film Ceramic Hybrid EL Displays" p593 to 596 T&W^tlT^^K 

srs : c e(Dn&mytmzm^zt\z£vmz!ft&i^m%znz>zttfr 

#£L<tel 00-1 0 0 Onnu ft\Zl 5 0~5 0 0nmflJg , Tf&&. 

io Mtfzz\ttfTZz>. z\nz<Dt£ftrbcvD&m<Dit¥mmmmmw£i< 

^r£S, ci;0« : ^b<«6 0 0- 1 3 0 Ot:, 8 0 0 ~ 1 2 0 0 'CSS, 

20 MSfWteio ~6oo^. ^i;3o~i8 05iira^ 7--jniPt 

^B^W^^^-H^, ±IH585tlt. »«ffi£0MK, fc**-->M£A 

25 z<Dmmmm&*-)ift\mm\t, i^^zi>^n/^it\t¥)^^u(o 
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i o tom> «k o » * u < « 7 if 7 * - h a* ift a tc £ o # e> n a 

5 (S i ,.»Ge») O y <h3ELfc£# 
O^x^l 
1. 7^y^l. 9 9 

20 ®5?i<Z)^«££-f yte. ±IBttJfct6H£fcoTV*fttf«fc<, 1. 7&±T& 
oil. 9 9£TFT*5. y#cn<J;D*#<Tt>, y^n^D'h^Tfe* 
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ft, ft£ls<\tx\tQ. 4ETF* «fct)$f£l/<ttO. 3ETF, ftfcO. 2&TFT 

5Ne. Ar, Kr, X e^£#£ b< ttfcttl Oat%OT, «fcO«f?SL<ttO. 
10 0 l~2wt%, ftKO. 05-1. 5wt%gJt^tT^Tt)=tV^c Ctlb<7)7C 
^telfflTfe 2®J£Ui£^CLT^T ; & e t:<, in6S 2ffl£iLhfflU5*§£<Z)?g 

15 u Bfaottffiswi&nftv*. 

#$JI (fSttJI) OT«#**:/7T*S;:fc*«Jf?*bV». 
25 0. 0 5~10nm, &K>$fl£L<\$0 . l~5nm, #fcl~5nm, 
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^^iw, m^o&mim j $>nM<D'£it*®<tzi5b\z. %=?>*mkte.mz&*)m 

VsT. ItjktRfcttfcHSiJTS. £tlk#*ra, Ar, He, N 2 ^CDTOtt^X 
»3&t»*l/^. *&. Z\<D%±XZO*ftttt\t, lOOppmOT. 
25 L<ttl Oppm OT, ftfcttlppm KTt*5ui*UU». ^OzK^W* 
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KTIEfflKM#K:fcV>#, m%0. lppm S«T**. 
5 ^7X, $B7;i/#<J#57, sfc^-fBStf?;*, 7;i^/^$?#^7, *>u* 

£v>. itjhfflttJtJW+fc^Jtsx^— U— ffi;L<teo. oi~3 

15 Owt%, J:D$?*L<&0. l~5wt%T&£. 

20 tf#57, 1&S&lSLltbK\** Si, G a A s , ZnSe, ZnS, 

GaP, InPtt^fttfen, £fc£tt&0»IlS«K*8iMI, $AR&Sl> 

«. Mo, Al, Pt, I r, Au, ? dt£HZm^Z>Z.ttf7?t, *?£L<te 

25 3fea»tt#rr*;:i:a<ff*u>. 
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Tffllr>&n*^, Mllin:tfeTf§. EPJDfcflEfi, iift, 2-3 0V 
1 > 

15 ^Sfe&Lfc. 

I TO*M«7WI*fiJc3ftfc£«0$®£UV/O, XA'^g 
20 W<Dmm*)\sy-\ZB\feLT, fffifcl X l O^PaOTSTirtfiELfc. 

?flZ\$A r : 3 Osccm, 0 2 : 5sccmT, (2 5*C) T, J&&U—b lnm 
/min > tfrfflEfiO. 2~2Pa, &Am7J 5 0 0 WiLfc. JfflRl/fcKigtfi©** 
25 «Jfc-;PftAlft3llOiaj*tt, S i O,. 9 CAul4 mol%^WT5fc<DT&oTc:. 
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ftlfftt;j;DZnS:Mn^O. 3 wmOWSKJI3&3ll*b3t. &'I4(D&#C7) 
fc&HA r*T6 5 0-75 OtML, 2^W07--;U*ffofc. 

rtyfrflZltAr : 3 0sccm> 0 2 : 5sccmT, (2 5*0 T, fiJtWU- h 
lnm/min , EMftErt : 0. 2~2Pa, v 5 0 0 W£ Lfc. J5fcKLfc»S 

RKlfr*ffilOV , fcJJWffgtt 5 0 Ocd/m 2 *fc, 4 Aim* 

UfctCl 3, 1 0 OnmTCDv- hjgfcftju ^ft^-*n, 1. 5 kQ/ 
cm 2 ., 4 kQ/cm ! T&D, 5X10 8 Q-crm 4X 

10 8 Q •cmT&ofc. 
<H» 2 > 

K, Rb, C r®7Jfc&U*K7G*» SfcHBe, Mg, Ca, Sr, 

Ba*«ki;Ra©7;P*'J±^«7E*, SfcliLa, Ce, Pr, Nd, Pm, 
Sm. Eu, Gd, Tb, Dy, Ho, Er, Tm, YbfcAtf L u(D5>*/ 



WO 00/74444 



PCT/JP99/03398 



21 



<%mm 3 > 

5 tfXteAr : 3 Osccim O a : 5sccmT, ^ig. (2 5*0 T> «l/-b lnm/ 
min . IWO. 2~2Pa, &Am£ 5 0 0 Wt Lfz, jmLtzMWl*-)l& 
\Wimm<D®.f&\Z> Ge0 2 HAu£2 mol%^Tf S&OT&ofc. 

mm i tmrnizLxmrnbtztz.^, ^mm 1 tmmm^m^-hm^txtz. 

10 <M#|4> 

iO,.7> SiO,. S5> GeO,. 96 , S i 5 Ge 0 . s O,. 92 tlfcitt»Jl t 

15 nfco 

<HM0)J5> 

u, Fe, Ni, Ru, Sn, Cr, Ir, Nb, Pt, W, Mo, Ta, Pd 

&£ztco(D^rtLftimu±.> &tz\tz\nz>(om\tM, mm. ^--f 

<«f!l6> 

hmkc^wt, mi&tii<Dm®*-)v&Ammmzf&m?z>mz. z\n\zm 

25 S2 5*C, «l^-hlnm/min . Kf^E^O. 5Pa, £Am^5W/cm 2 £1, 
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>X £ 4 1; <5 WmXM * W L- , 

10 2. mIfB*J£fetWMm^aAfe15iji^. fBljfta£LTtt*Wft4eVfirF 

HI 2 UTttfit 3 ~ 5eV©£Jil<D 1 l£l±ti£Mt§»iii 

15 3. iJfE»2^tt. Zn, Sn, V, Ru, Sm&cfctf I nA^IRSn 

4. fl0fS7;U*U^JS7LlH«, Li, Na, K, Rb, C s &cktfF r CD 1 

mu±-?$><o. 7)W)±m&m7tm\z, M g> ca^sroiaaii?* 

20 CDlBffl^l^~^3lSWUl I n^(D^^pi--H. 

5 . mtzmmvmmni- &\mmm\t, 1 - 1 x 1 o " q • c 

25 7. MISffffiftOMm?&XM%ff0[>IKjy». 0. 2-3 OnmTS^IS^ 
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(Dmmm 1 m-m 6 aonrttfroBtt^ h. 

8 . i(BHSfiJi©SSttl*-JI/ftA«iaSltt, 1 ~ 1 x 1 0 1 1 Q • cm 

T&zm xommm 1 7 «®^-rn*>®»tty-f h. 
©fsasg 1 is~B 8 ig^^f n*»o58*^ Ho 

T-^A«^^^<hb, ^OifiJS^ft (Si,.,Ge,) O y £Sbfc<!:# 
O^x^ 1> 
10 1. 7^y^2. 2 

-~Sf§ 9 «OV»m*»©3B3t^-f Ho 
15 11. jKFlE&JPSte, Au, Cu, Fe, Ni, Ru, Sn, Cr. Ir, N 
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